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A B S T R A C T   
Aquaculture is the fastest growing food production industry globally and is considered to have the greatest 
potential to meet the growing demand for seafood and being a solution to overfishing. Despite the benefits of 
aquaculture, the rapid growth and intensification of production (so-called conventional aquaculture) has raised 
concerns about food safety, fish welfare, and environmental and social issues stemming from a tragedy of the 
commons. These concerns need to be addressed to enable sustainable aquaculture development. While the 
negative environmental impacts of aquaculture have been evaluated using physical and chemical indicators, the 
social acceptance has not been fully considered when evaluating aquaculture sustainability. With this backdrop, 
our study investigates knowledge and beliefs towards shrimp aquaculture development among two key stake-
holder groups in Vietnam: the public and producers (shrimp farmers). Our results show that stakeholders were 
concerned about the social and environmental impacts of conventional shrimp aquaculture, although the 
different stakeholder groups emphasized different aspects. The public believed biodiversity loss and the overuse 
of antibiotics and pesticides to be more problematic compared to producers, who believed water quality and 
disease outbreaks were the main problems facing the industry. Following on from this, most respondents 
perceived sustainable aquaculture production positively, implying social acceptability for its development. 
Awareness of and knowledge about sustainable aquaculture positively and significantly affected stakeholders’ 
support for expansion, suggesting that communication and education may be effective tools for improving social 
acceptance of aquaculture.   
1. Introduction 
Aquaculture is the fastest growing food production industry in the 
world and is considered to have the greatest potential to meet the 
growing demand for sea food and be a solution to overfishing (FAO, 
2020). In 2017, aquatic products provided 3.3 billion people with 
almost 20% of their animal protein intake. Of the 156 million tons of 
aquatic product produced for human consumption in 2018, aquaculture 
accounted for 52% (FAO, 2020). A lot of production is small scale 
coastal aquaculture, which provides livelihood, employment, and local 
economic development for millions of people in developing countries; 
and in 2018 about 20.53 million people were employed in aquaculture 
(including full-time, part-time and occasional work), most were in Asia 
with 95% of the world total (FAO, 2020). 
Shrimp accounted for 15% of the total global trade of seafood in 
2018, and farmed shrimp accounted for over 80% of the supply by 
volume (FAO, 2020). Shrimp aquaculture takes place in more than 60 
countries worldwide with more than 80% of total production taking 
place in Asia (FAO, 2020; Yap, 1999). Most farmed shrimp are produced 
for export targeting the large markets in the EU, USA and Japan (FAO, 
2020). In 2018, Vietnam was the world’s fourth largest producer of 
aquatic product with 7.5 million tons produced, of which 4.1 million 
(54.6%) was from aquaculture (FAO, 2020). Farmed shrimp was the 
second most important aquaculture product by volume after catfish and 
accounted for 0.8 million tons of total production in 2018; making 
Vietnam the third largest shrimp producer and the fourth largest 
exporter in the world (FAO, 2020). 
Despite the economic benefits of aquaculture, it is argued that the 
rapid growth and intensification of production has led to a range of is-
sues related to the environment (e.g. water pollution, biodiversity loss, 
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disease outbreaks and habitat destruction) and social issues (e.g. viola-
tion of labor standards and social conflicts stemming from a tragedy of 
commons) (Ahmed and Thompson, 2019; Klinger and Naylor, 2012; 
Schlag, 2010). Ultimately, the former resulted in large losses to national 
income due to crop failures (Shinn et al., 2018) and has led governments 
and non-governmental actors worldwide to push for stricter food safety, 
social and environmental certification standards (Tran et al., 2013). The 
same criticisms regarding the lack of social and environmental sus-
tainability has been levied against aquaculture production in Vietnam 
(Anh et al., 2010; Bui et al., 2012; Nguyen et al., 2007; Pham et al., 2018; 
Veettil et al., 2019). Concerns about consumer health-related issues 
associated with the high use of antibiotics and chemical contamination 
have been raised (Tran et al., 2013). To develop sustainable aquaculture, 
the above-mentioned concerns need to be addressed (Ahmed and 
Thompson, 2019; Valenti et al., 2018). The current national plan for 
aquaculture in Vietnam aims to increase investment and expansion of 
the shrimp aquaculture industry and develop it into a key economic 
sector while at the same time protecting the environment (Decision 
79/QD-TTg). This plan for Vietnamese aquaculture is in line with the 
global trend of sustainable intensification where the goals is to ‘produce 
more using less’ given the scarcity of some aquaculture inputs such as 
land, freshwater and energy, and to have a social license to operate that 
requires social acceptance (Henriksson et al., 2018; Mather and Fanning, 
2019). While aquaculture environmental impacts have been evaluated 
using physical and chemical indicators, the social acceptance has not 
been fully considered when evaluating aquaculture sustainability 
(Hynes et al., 2018). 
A few studies focused on the public’s attitudes towards aquaculture 
and showed that people are generally aware of aquaculture’s contribu-
tion to employment, food security and reduced pressure on capture 
fisheries, however people are also concerned about the negative envi-
ronmental effects and potential conflicts of interests (Bjørkan and 
Eilertsen, 2020; Freeman et al., 2012; Hynes et al., 2018; Krøvel et al., 
2019; Mazur and Curtis, 2008; Whitmarsh and Wattage, 2006). Conse-
quently, the public’s support for aquaculture expansion likely depends 
on how they perceive the economic benefits and environmental harm 
(Chu et al., 2012; Freeman et al., 2012; Krøvel et al., 2019; Whitmarsh 
and Palmieri, 2009). Studies exploring producers’ attitudes towards 
aquaculture focused mostly on risk perceptions and management stra-
tegies (Ahsan, 2011; Ahsan and Roth, 2010; Alam and Guttormsen, 
2019; Bergfjord, 2009; Le and Cheong, 2010) and their willingness to 
adopt sustainable aquaculture practices (Ngoc et al., 2016, 2021; Obiero 
et al., 2019). Studies investigating multiple stakeholders’ perceptions 
and attitudes towards aquaculture production indicates that the per-
ceptions of aquaculture vary among stakeholders, and so does their 
support for aquaculture development (see e.g., Alexander et al., 2016; 
Bacher et al., 2014; Chu et al., 2012; Whitmarsh and Palmieri, 2009). 
With this backdrop, our study investigates the public’s and farmers’ 
(producers) beliefs about aquaculture development in Vietnam using the 
white-legged shrimp aquaculture industry as a case study. The inclusion 
of producers and public groups simultaneously in a perceptional analysis 
of aquaculture represents both the supply and demand aspects of its 
development in a non-monetary form, which may provide new insights 
to understand better the variations in viewpoints towards shrimp 
aquaculture and priority of issues that needs to be resolved. Our study 
differs somewhat compared with those listed above. First, we investigate 
the public and producers’ beliefs about conventional shrimp aquacul-
ture. In particular, respondents were asked to state their beliefs about 
the negative impacts of current conventional shrimp aquaculture prac-
tices in Vietnam. Here, conventional shrimp aquaculture is defined as 
intensive and super-intensive production methods that often pollute and 
degrade the surrounding environment. At the same time, these methods 
rely on a healthy state of the same environment for successful produc-
tion. Second, we explore their beliefs about the development of sus-
tainable aquaculture (e.g. using high-tech production methods). 
Specifically, how high-tech aquaculture methods relate to economic 
benefits and the need to apply and expand the use of these methods. 
Third, the analysis of stakeholders’ beliefs about both conventional and 
sustainable shrimp aquaculture is performed in connection with their 
knowledge and awareness of shrimp aquaculture. The findings reported 
in this paper provide useful information to policymakers regarding how 
policies, education, and communication can change stakeholders’ per-
ceptions of aquaculture and so does their support for the future of sus-
tainable aquaculture development in Vietnam. 
2. Methodology 
2.1. Data collection 
The data was collected in March and April of 2019 using face-to-face 
interviews. In this study, we focus on two stakeholder groups: the public 
(n = 754) and producers (n = 235). Our producer sample comprises 
shrimp farmers that were randomly selected based on the lists of shrimp 
farmers provided by the Aquaculture Department in the four Vietnamese 
provinces of Khanh Hoa, Ninh Thuan, Soc Trang and Bac Lieu. These 
four provinces cover 49% of the area used for white-legged shrimp 
farming in Vietnam (MARD, 2017). The public sample is a combination 
of two face-to-face interview surveys targeting the public and consumers 
with 370 and 384 respondents, respectively, in the Khanh Hoa province 
and Ho Chi Minh city (HCMC).1 Khanh Hoa was selected because it is a 
representative province in south-central Vietnam given that it is a 
typical shrimp aquaculture location. HCMC is a large city and repre-
sentative of southern Vietnam due to its high population density. The 
main shrimp farming regions are found south of HCMC. To get a 
representative sample of the public and consumers in the two regions, 
we used a two-stage random walk and quota sampling procedure. First, 
we randomly selected the districts, wards, and villages of Khanh Hoa 
province and HCMC where we would conduct the random walk sam-
pling. Second, we used a random-walk procedure with quota sampling. 
The interviews took the form of household surveys. 
The surveys were developed in multiple stages. First, draft surveys 
were presented and discussed with colleagues at Nha Trang University 
and updated based on these discussions. Second, the updated versions of 
the surveys were discussed with stakeholder focus groups. The producer 
survey was discussed with three shrimp farmers and two representatives 
from the Aquaculture Department of the Ninh Thuan province. The 
consumer and public surveys were discussed with a group of 10 people 
from each stakeholder group. Third, following updates based on the 
stakeholder discussions, the surveys were tested in small scale pilots. 
This allowed us to further refine the survey instrument before full scale 
implementation. Each survey comprised six parts: 1) A brief introduc-
tion explaining the purpose of the survey; 2) a stakeholder specific 
section seeking to elicit either consumption behavior of farmed shrimp, 
knowledge and awareness of aquaculture, or farmers’ current produc-
tion methods; 3) a section common to all surveys eliciting respondents’ 
concerns and beliefs related to shrimp aquaculture production; 4) an 
introduction to the stakeholder specific discrete choice experiments 
(DCEs)2; 5) DCE related debriefing questions and questions related to 
knowledge of high-tech production methods; and 6) socio-demographic 
questions. Details of survey design and sampling are in Appendix S1. 
1 The original sampling of consumers, public and producers were driven by 
different discrete choice experiments targeted at the different stakeholder 
groups (see Xuan and Sandorf, 2020; Xuan, 2020). We grouped the datasets 
targeting consumers and the general public into one category named the public 
because consumers can be considered as sub-sample of the public. In fact, we 
could only identify seven respondents stating they have never eaten farmed 
shrimp.  
2 The responses to the DCE questions are not analysed in this paper as we just 
concentrate on the stakeholder attitudes to aquaculture. The DCE analysis is 
reported in Xuan and Sandorf (2020), Xuan (2020) and Ngoc et al. (2021). 
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2.2. Sample composition and key demographic variables 
The summary statistics of the socio-demographic variables for the 
two samples are reported in Table 1. There were relatively more men in 
the producer sample (95%) but more women in the public samples 
(62%) compared with the national average of 49% men and 51% 
women. This is because in Vietnam, men take more responsibility in the 
aquaculture industry while women take more responsibility at home and 
for household shopping. The majority of respondents were married, and 
their average age were higher than the officially reported figure 31 
years. While our public sample was skewed towards higher education, i. 
e. 72% of respondents had tertiary education level compared to the 
average of 22% in the population, only 15% of respondents in the pro-
ducer sample had the same. It is not surprising that few shrimp farmers 
have higher education because shrimp farming in Vietnam is small scale, 
spontaneous and mainly distributed in rural coastal areas where edu-
cation levels are lower. Household composition was comparable across 
samples. The average household income recorded in the two samples 
was higher than the officially reported figures 13.6 million VND of 
Statistics Vietnam. 
3. Results 
3.1. Knowledge and awareness of aquaculture 
The distribution of self-reported knowledge among respondents in 
the public sample (Fig. 1a) shows that most members of the public 
considered their prior knowledge about shrimp aquaculture to be 
limited with 80% of respondents stating that they knew nothing or little 
about shrimp aquaculture. Furthermore, from Fig. 1b, we see that about 
50% of respondents in our public sample were aware of sustainable 
aquaculture and only 12% stated that they understood what sustainable 
aquaculture is. Given that producers are familiar with and knowledge-
able about conventional shrimp aquaculture, we only asked them 
questions about sustainable aquaculture. We classified producers’ 
knowledge about sustainable aquaculture as: low, medium, and high 
based on responses to two questions associated with training and 
application of high-tech aquaculture methods (see Table 2). 
Interestingly, and in contrast to the general public, the majority of 
producers stated they have prior knowledge of sustainable aquaculture 
methods, i.e. about 73% of respondents attended government training 
courses related to the use of high-tech aquaculture methods, and two- 
thirds indicated that they have been applying these methods after 
receiving training (see Table 2 & Fig. 1c).3 
Given the ordinal nature of responses to prior knowledge and 
awareness, we used ordered logistic regressions to identify how re-
sponses differ across respondents. The odds ratios from the ordered logit 
models are reported in Table 3. Using odds ratios makes the interpre-
tation of the ordered logit model easier because we can interpret the 
coefficients as the odds (likelihood) of stating a one category higher 
response for a unit change in any of the independent variables. Standard 
errors are calculated using the Delta method and all significance tests are 
against 1. On prior knowledge of shrimp aquaculture, we did not iden-
tify any significant differences between marital status, being member of 
environmental organization, and household composition in relation to 
public respondents. However, men, older, and higher educated re-
spondents appeared to have more perceived prior knowledge. Regarding 
public awareness of sustainable aquaculture, no significant differences 
existed for gender, marital status, and household composition, although 
age and education had a significantly positive effect on awareness. It 
seems that producers with higher education levels were more likely to be 
interested in high-tech aquaculture methods, i.e. attending government 
training courses related to the use of high-tech aquaculture methods as 
well as applying these methods on their farms afterwards. However, we 
could not find any significant differences for gender, age, marital status, 
being member of environmental organization, and household compo-
sition in the producer sample. 
3.2. Perception for risk sources in shrimp aquaculture production 
It has been shown that price and demand uncertainty, disease, low 
quality feed and fingerlings, climate change, risks related to production, 
finances, and institutions were perceived to be the most important 
sources of risk associated with aquaculture (Ahsan and Roth, 2010; 
Ahsan, 2011; Alam and Guttormsen, 2019; Le and Cheong, 2010). 
Shrimp aquaculture in Vietnam is faced with most of these (MARD, 
2017); shrimp farmers were most concerned about disease outbreaks 
(65%), followed by water source pollution (13%) and quality of seeds 
and fingerlings (9%) (see Fig. 2). As recorded, in 2015 and 2016, the 
share of total shrimp aquaculture area affected by disease and climate 
change was 8% and 10%, respectively (DAH, 2017). 
3.3. Beliefs about conventional shrimp aquaculture production 
In this section, we focus on respondents’ beliefs about the negative 
impacts of conventional shrimp aquaculture and how knowledge relates 
to these beliefs (see Appendix S1 for a detail of belief statements). The 
distribution of responses to the belief statements broken down by 
stakeholder groups are shown in Fig. 3. Producers tended to agree or 
strongly agree with the belief statements relating to water quality, dis-
ease outbreaks and to a certain extent labor rights and stakeholder 
conflicts, while they were more likely to disagree with the belief 
Table 1 
Descriptive statistics of the stakeholder samples.   
Public Producer 
Mean SD Mean SD 
Gender 
Male 0.39 0.49 0.95 0.22 
Age 36.79 12.89 49.47 9.76 
Marital status 
Married 0.66 0.47 0.94 0.24 
NGO (member of environmental organization) 0.01 0.11 0.02 0.15 
Education 
Less than secondary school education 0.12 0.32 0.62 0.49 
Secondary/high school education 0.16 0.37 0.23 0.42 
Professional education 0.07 0.25 0.03 0.16 
Under-graduate education 0.52 0.50 0.12 0.33 
Graduate education 0.13 0.34 – – 
Occupation 
Part-time employed 0.11 0.32 – – 
Full-time employed 0.57 0.49 – – 
Student 0.16 0.36 – – 
Retired 0.05 0.21 – – 
Unemployed 0.11 0.32 – – 
Household income (million VND/month) 21.57 41.17 23.72 23.41 
Household members (persons) 4.39 1.55 4.61 1.44 
Sample size 754  235  
Khanh Hoa 446  80  
HCMC 308    
Soc Trang   50  
Ninh Thuan   55  
Bac Lieu   50   
3 In fact, producers have improved their farms after receiving government 
training in the use of high-tech aquaculture methods, but in a simpler manner 
with the purpose of increasing production and reduce environmental impact. 
Water exchange during the production cycle is taken from settling ponds to 
reduce the risks of introducing diseases and contaminated water from the rivers 
into the ponds, however, wastewater is still directly discharged into the sur-
rounding environment. The rate of high-tech method adoption, such as recir-
culating aquaculture or biofloc systems, is very low due to high knowledge 
requirement of the system operation and high cost of investment and operation 
(Xuan and Sandorf, 2020). 
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statements regarding biodiversity loss, and antibiotics and pesticide use. 
This is arguably a reflection of circumstance. We know from Fig. 2 that 
65% of producers in our sample viewed disease outbreaks as the greatest 
risk factor. Furthermore, as stated above, water source pollution and 
disease outbreaks are the two main reasons for high crop failure rates in 
Vietnam in recent years (DAH, 2017), and the two are closely linked. 
Untreated wastewater from shrimp farms are discharged directly into 
adjacent water bodies, which are also used as source water for new 
crops. This means that “dirty” water is used for new crops and heightens 
the risk of disease outbreaks. To combat this, and the resulting high rates 
of crop failure, Vietnamese shrimp farmers must use more pesticides and 
antibiotics in production (Anh et al., 2010). Ironically, the measures 
taken to reduce crop failures are themselves contributing factors to the 
high crop failure rate that has been recorded during the recent years 
(DAH, 2017). This result is in line with what was found in Xuan and 
Sandorf (2020), where farmers tend to focus solely on factors leading to 
successful crops when deciding whether or not to invest in high-tech 
shrimp aquaculture production practices. 
The public, on the other hand, was more likely to agree or strongly 
agree with the statements relating to food safety, i.e. antibiotic and 
pesticide use, and to some extent biodiversity loss. These beliefs can be 
linked to the issue of perceived human health risks, which is among the 
most important concerns raised by the public and consumers when 
eating farmed fish (Alexander et al., 2016; Schlag, 2010). As indicated 
by Hinkes and Schulze-Ehlers (2018), among German consumers, for 
example, there is a persistent negative view of farmed fish produced in 
Vietnam and Bangladesh for this very reason. In Australia, the public 
also showed strong concern about the environment and rated environ-
mental impacts as the most important problem in aquaculture, followed 
by the industry’s economic contribution and social issues such as 
stakeholder conflicts (Mazur and Curtis, 2008). 
To ascertain the relationships between respondents’ characteristics 
and their pro-environmental concern reflecting beliefs toward the 
negative impacts of conventional shrimp aquaculture, we used the 
Multiple Indicators Multiple Causes (MIMIC) model based on a gener-
alized structural equation model given the generalized responses of an 
ordinal scale. The model was run using either a pooled dataset with 
dummies for whether a respondent is a producer relative to the public, 
Fig. 1. Distribution of stated knowledge and awareness of aquaculture.  
Table 2 
Producers’ knowledge of sustainable aquaculture grouped according to answers 
to the questions.  
Level of knowledge Low Medium High 
Question: “Have you received government training in 
the use of high-tech aquaculture methods?” 
“No” “Yes” “Yes” 
Question: “After receiving training, did you apply 
high-tech aquaculture practices into your farm?” 
– “No” “Yes” 
Number of respondents 63 58 114 
Percentage of sample 26.81 24.68 48.51  
Table 3 
Determinants of prior knowledge and awareness.   
Public Producer 
Knowledge Awareness Knowledge 
Male 1.43** (0.22) 1.14 (0.17) 0.34 (0.26) 
Age 1.03*** (0.01) 1.03*** (0.01) 1.02 (0.02) 
Married 1.11 (0.23) 1.18 (0.23) 0.66 (0.53) 
NGO 1.78 (1.67) 2.07 (1.34) 0.44 (0.49) 
Education 
secondary/high school 1.30 (0.36) 1.26 (0.34) 2.50** (1.09) 
professional 0.89 (0.33) 1.40 (0.51) 13.44* (20.49) 
undergraduate 2.59*** (0.71) 2.29*** (0.61) 3.25** (1.84) 
graduate 10.07*** (3.30) 8.04*** (2.57) –  
Household income 1.00** (0.00) 1.00 (0.00) 1.02* (0.01) 
Household members 1.10 (0.07) 1.01 (0.05) 1.14 (0.12) 
Location 
HCMC 1.48*** (0.22) 1.31* (0.20) –  
Soc Trang –  –  0.30** (0.15) 
Ninh Thuan –  –  0.47** (0.18) 
Bac Lieu –  –  0.17*** (0.09) 
Model statistics 
Observations 728  729  219  
Wald Chi-square 84.68*** 66.27*** 44.10*** 
Pseudo R-square 0.06  0.06  0.10  
Note: Tests of significance of the odds-ratio is against unity. Robust standard errors are in parentheses. ***, **, and * indicate 1%, 5%, and 10% significance level, 
respectively. 
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or the public data only to ascertain the effect of knowledge about shrimp 
aquaculture on the public’s beliefs about the negative impacts of con-
ventional shrimp aquaculture (see Table 4). Given that producers are 
familiar with, and knowledgeable about, conventional shrimp aqua-
culture it is not necessary to run a separate model for producers. 
To estimate a MIMIC model, we assumed that the 7 belief indicators 
shown above form a unidimensional latent variable underlying the re-
spondents’ beliefs about the negative impacts of conventional shrimp 
aquaculture and that this can be explained by their characteristics. To 
test the validity of this assumption, we conducted a single latent 
exploratory factor analysis where the estimated Kaiser-Meyer-Olkin 
(KMO) measures were 0.78 using the pooled data (item range of 
0.71–0.86) and 0.83 using the public data (item range of 0.79–0.92), 
which indicates sufficient correlation between items.4 Furthermore, the 
Cronbach Alpha of the internal consistency were 0.82 (item range of 
0.77–0.81) and 0.86 (item range of 0.83–0.85) using the pooled and 
public data respectively.5 Please see Appendix S2 for more details on the 
modeling approach. 
In Table 4, we present the odds-ratios from the MIMIC model. The 
measurement model for pro-environmental concern shows the factor 
loadings and all items were significantly loaded on to the latent variable 
at the 1% significant level. The first item (water quality) had the factor 
loading coefficient constrained to unity that reported in an exponential 
value. The structural model shows the relationship between pro- 
environmental concern and respondent’s characteristics. We did not 
identify any significant differences between producers and the public in 
relation to pro-environmental concern, while age had a significant and 
positive influence. Respondents with tertiary education were more 
likely to be pro-environmental, however there were no significant ef-
fects of gender, whether a respondent was married or a member of an 
Fig. 2. Distribution of perception of risk sources in shrimp aquaculture.  
Fig. 3. Distribution of belief statements of conventional shrimp aquaculture (INDICATORS).  
4 Kaiser (1974) threshold values of 0.70–0.79, 0.80–0.89, and 0.90–1.00 
indicate “middling”, “meritorious”, and “marvellous” correlations, respectively.  
5 A value of 0.6 is considered as acceptable and 0.8 or higher is regarded as 
satisfactory (Hair et al., 2011). 
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environmental organization. Results from the MIMIC model using the 
public data (see the last two columns in Table 4) shows that pro- 
environmental concern was strongly determined by prior knowledge 
of shrimp aquaculture. For example, respondents with a high knowledge 
of shrimp aquaculture were 737% more likely to be pro-environmental 
while respondents with medium and low levels of knowledge were 
235% and 44% more likely to be pro-environmental compared with 
respondents having no knowledge. Age and levels of education signifi-
cantly positive influenced respondents’ pro-environmental concern 
regarding the negative impacts of conventional shrimp aquaculture. 
3.4. Perceptions of sustainable shrimp aquaculture 
To ascertain different stakeholders’ perceptions of sustainable 
aquaculture, respondents were asked to state their agreement or 
disagreement with two statements related to the economic benefits and 
expansion of high-tech shrimp aquaculture practices. The results from 
these statements are showed in Fig. 4 and sorted by producer’s knowl-
edge and public awareness of sustainable shrimp aquaculture. The 
public with higher awareness of sustainable aquaculture were more 
likely to state stronger agreement with the statements. Interestingly, we 
observe the opposite result for producers. Producers with a medium 
level of knowledge had the largest proportion strongly agreeing with the 
two belief statements, followed by the high-knowledge group and the 
low-knowledge group. Higher support for high-tech aquaculture prac-
tices among producers with medium levels of knowledge compared with 
producers with high levels of knowledge may be because of their lack of 
experiences applying these production methods. Research suggests that 
the economic incentive (i.e. increased productivity) is a key driver for 
adopting high-tech methods in shrimp farming, rather than environ-
mental benefits of these methods (Ngoc et al., 2021). However, the in-
vestment and operating costs for high-tech aquaculture methods are 
significant and that represents a major barrier for small-scale household 
farmers to adopt these methods. In addition, there are potential risks 
related to the high-tech production investment such as negative out-
comes resulting from technological complexities, the uncertainty of 
price premium attached to sustainable products, and lack of access to 
capital (Xuan and Sandorf, 2020). 
To ascertain the effects of knowledge and awareness of sustainable 
aquaculture, as well as the individual characteristics on the odds that 
respondents more strongly agree with a given statement related to the 
support for expanding high-tech shrimp aquaculture production we ran 
separate models for public and producers (see Table 5). The public with 
higher levels of awareness of sustainable aquaculture were more likely 
to state a higher level of agreement with the statement concerning 
expansion. No significant difference existed for age, being a member of 
environmental organization, and household composition in the public. 
While men were less likely to support sustainable aquaculture expan-
sion, married respondents were more likely to support this. Education, 
however, had a negative effect on the likelihood of stating support for 
sustainable aquaculture expansion. This may be because of low levels of 
perceived awareness among the public (see Fig. 1b). In terms of pro-
ducers, no significant differences existed for individual characteristics 
related to the support for sustainable aquaculture expansion. However, 
producer’s knowledge about high-tech aquaculture methods had a sig-
nificant and positive influence on the likelihood of stating support for 
expansion. 
4. Discussion and conclusion 
The study of multiple stakeholders’ perceptions, knowledge, 
awareness, and attitudes towards the environmental impacts of aqua-
culture intensification and the transition to sustainable aquaculture 
production is critical to successfully manage and develop aquaculture 
sustainably (Bacher et al., 2014). In this paper, we showed that both the 
public and producers were concerned about the social and environ-
mental impacts of conventional shrimp aquaculture, although the 
different stakeholder groups emphasized different aspects. The public 
believed that biodiversity loss and the overuse of antibiotics and pesti-
cides were larger problems compared to producers, who believed that 
water quality and disease outbreaks were the most serious issues with 
current aquaculture practices. 
It is showed that the public’s beliefs towards food safety was strongly 
associated with the trust they placed in the industry and government 
institutions tasked with ensuring food safety (Schlag, 2010; Wilcock 
et al., 2004). Many national governments worldwide have introduced 
stricter safety regulations and certification schemes to establish trust in 
food safety as well as other sustainability aspects (Bergleiter and Meisch, 
2015). Certificates have been found to increase the level of consumer 
confidence in the safety of the available food products in the market 
(Nawi and Nasir, 2014) and consumers in Vietnam are found to be 
willing to pay a premium for farmed shrimp products labeled with 
eco-certification (Xuan, 2020). The latter may provide incentives for 
Vietnamese producers to apply for a sustainability certification and label 
their products in order to meet the market demand. 
However, shrimp farmers were more concerned about water source 
pollution and disease outbreaks that leads to high rates of crop failure. A 
key factor in disease spread is that untreated wastewater is discharged 
directly into the water bodies that also serve as source water for new 
crops (Xuan and Sandorf, 2020). Promising abatement strategies include 
minimizing point source pollution and water treatment that can be 
utilized through adoption of high-tech aquaculture methods, though a 
key obstacle for small-scale shrimp farmers adopting this method is high 
investment cost (Anh et al., 2010). Xuan and Sandorf (2020) suggest that 
a credit subsidy scheme could provide a good incentive to encourage 
Table 4 
Determinants of pro-environmental concerns.  
Structural Pooled data Public data 
Producer 0.82 (0.15) –  
Knowledge of shrimp aquaculture 
low –  1.44** (0.23) 
medium –  3.35*** (0.91) 
high –  8.37*** (4.02) 
Male 0.96 (0.09) 0.83 (0.13) 
Age 1.01*** (0.01) 1.02* (0.01) 
Married 1.17 (0.14) 1.25 (0.26) 
NGO 1.02 (0.25) 0.69 (0.45) 
Education 
secondary and high school 1.20 (0.14) 1.40 (0.33) 
professional 0.98 (0.19) 0.78 (0.25) 
undergraduate 1.54*** (0.23) 1.77** (0.45) 
graduate 2.04*** (0.38) 1.78* (0.54) 
Household income 1.00*** (0.00) 1.00*** (0.00) 
Household members 1.00 (0.02) 0.98 (0.04) 
Location 
HCMC 1.15 (0.11) 1.16 (0.17) 
Soc Trang 0.66* (0.15) –  
Ninh Thuan 2.00*** (0.34) –  
Bac Lieu 0.81 (0.19) –  
Measurement*** 
Water quality 2.72 (constrained) 2.72 (constrained) 
Biodiversity loss 4.15 (0.69) 2.51 (0.18) 
Antibiotics 36.39 (22.58) 5.41 (1.34) 
Pesticides 13.50 (5.75) 4.77 (1.12) 
Disease 3.64 (0.40) 3.30 (0.42) 
Labour rights 2.72 (0.34) 2.09 (0.18) 
Stakeholder conflicts 2.90 (0.37) 2.25 (0.19) 
Model statistics 
Observations 949  728  
Log-likelihood − 8074.30  − 5820.85  
Note: Tests of significance of the odds-ratio is against unity. Robust standard 
errors are in parentheses. ***, **, and * indicate 1%, 5%, and 10% significance 
level, respectively. The two categories of knowledge of shrimp aquaculture 
including “I know a lot” and “I know very well” were grouped into “high” 
knowledge because of few respondents in either category. 
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shrimp farmers to invest in high-tech production. 
Most respondents recognized the economic benefits of sustainable 
shrimp aquaculture and had positive perceptions towards the expansion 
of sustainable shrimp aquaculture practices. This implies that 
stakeholders are willing to accept aquaculture development. Social 
acceptance (or social license to operate) is defined as the community’s 
perceptions of the acceptability of an industry and its operations 
(Weitzman and Bailey, 2018). It plays an important role in sustainable 
resource management, yet has been a continuing challenge for aqua-
culture, and has become a priority in many countries considering the 
development of sustainable aquaculture (Alexander et al., 2016; Bacher 
et al., 2014; Bjørkan and Eilertsen, 2020; Hynes et al., 2018; Ruiz-Chico 
et al., 2020; Thomas et al., 2018; Weitzman and Bailey, 2018; Whit-
marsh and Palmieri, 2009). 
Overall, the variations in viewpoints attached to the environmental 
and socio-economic impacts of conventional and sustainable shrimp 
aquaculture among stakeholder groups (i.e. producer versus the public) 
provide useful information to policymakers on how to shape effective 
aquaculture strategies and to improve social acceptability of aquacul-
ture. Respondents’ perceptions, however, are driven by their knowledge 
and awareness of aquaculture. That said, members of the public with 
higher knowledge of shrimp aquaculture were more concerned about 
the negative impacts of the industry, whereas the awareness of sus-
tainable aquaculture positively influenced the support for its expansion. 
These findings differ from Thomas et al. (2018) who indicated that the 
public awareness level was not a significant influence on their general 
opinion of aquaculture, even though people who stated that they had 
high levels of awareness also held more favorable perceptions towards 
aquaculture. Therefore, designing programs of effective communication 
and education in order to increase public’ awareness on the benefits of 
sustainable aquaculture coupled with watchful monitoring of aquacul-
ture’s social and environmental impacts are necessary to improve social 
acceptance of aquaculture which has not been integrated fully into 
aquaculture sustainability evaluation (Hynes et al., 2018). Furthermore, 
producers with medium and high levels of knowledge of high-tech 
aquaculture methods were more likely to support its expansion 
compared with those who are low knowledge. This suggests that training 
and education are important to fill the technical-knowledge gap 
Fig. 4. Distribution of stated knowledge and awareness of sustainable shrimp aquaculture.  
Table 5 
Determinants of perceived sustainable shrimp aquaculture expansion.  
Variable Public Producer 
Awareness of sustainable aquaculture 
medium 1.34* (0.21) –  
high 1.94*** (0.49) –  
Knowledge of high-tech aquaculture methods 
medium –  1.63 (0.91) 
high –  2.12** (0.80) 
Male 0.66*** (0.10) 0.81 (0.61) 
Age 1.00 (0.01) 0.99 (0.02) 
Married 1.69** (0.35) 0.68 (0.60) 
NGO 0.83 (0.53) 1.71 (1.10) 
Education 
secondary and high school 0.71 (0.12) 0.99 (0.39) 
professional 0.31*** (0.11) 1.89 (1.97) 
undergraduate 0.62* (0.17) 1.29 (0.76) 
graduate 0.42*** (0.14) –  
Household income 0.99*** (0.00) 0.99*** (0.00) 
Household members 1.07 (0.05) 1.07 (0.10) 
Location 
HCMC 1.22 (0.18) –  
Soc Trang –  0.28** (0.12) 
Ninh Thuan –  1.63 (0.87) 
Bac Lieu –  0.39** (0.17) 
Model statistics 
Observations 729  219  
Wald Chi-square 78.68***  36.42***  
Pseudo R-square 0.04  0.09  
Note: Tests of significance of the odds-ratio is against unity. Robust standard 
errors are in parenthesis. ***, **, and * indicate 1%, 5%, and 10% significance 
level, respectively. 
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associated with high-tech aquaculture methods. In addition, the inter-
active learning between farmers, researchers, technology providers, 
extension services, and policymakers is necessary to reduce the negative 
outcomes resulting from technological complexities (Kumar et al., 
2018). 
To conclude, stakeholders’ positive attitudes towards sustainable 
shrimp aquaculture expansion, combined with producers’ willingness to 
adopt high-tech shrimp farming methods (Ngoc et al., 2021), and con-
sumers’ willingness to pay a premium for sustainable shrimp products 
(Xuan, 2020) may contribute to the success of sustainable aquaculture 
development in Vietnam and globally. Because Vietnam is one of 
world’s five largest producers of aquaculture products (FAO, 2020), the 
success of Vietnam in developing sustainable aquaculture would make a 
significant contribution to the global sustainable aquaculture develop-
ment goal. Although, the results in this study may not reflect the opin-
ions in other parts of Vietnam, the aquaculture sector has generally been 
facing the same challenges and consequences of rapid and unsustainable 
growth, therefore, the sustainable development of aquaculture has 
become a prominent issue in Vietnam as well as globally. 
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